Objective The associations of insulin resistance and glycemic control with the risk of kidney stones were explored. Methods Generally healthy Japanese (n=2,171) who visited Saiseikai Central Hospital (Tokyo, Japan) for a health check were included in a cross-sectional study. We calculated odds ratios (OR) of having kidney stones in terms of four measures: fasting serum insulin, homeostasis model assessment of insulin resistance (HOMA-IR), fasting plasma glucose (FPG) and glycosylated hemoglobin (HbA1c), adjusting for possible risk factors for kidney stones. Results Fasting serum insulin and HOMA-IR were non-significantly associated with the risk of kidney stones, whereas FPG and HbA1c were significantly associated. Compared with those with an FPG of <100 mg/dL, the ORs in those with an FPG of 100 to <126 mg/dL and !126 mg/dL were 1.38 (95% confidence interval [CI] =0.95-2.00) and 1.83 (95% CI =1.09-3.06) (p for trend =0.016). In relation to those with an HbA1c of <5.5%, the ORs in those with an HbA1c of 5.5 to <6.0%, 6.0% to <6.5% and !6.5% were 1.16 (95% CI =0.76-1.79), 1.25 (95% CI =0.70-2.23) and 1.98 (95% CI =1.11-3.52), respectively (p for trend = 0.027). The significant associations between glycemic control measures and the risk of kidney stones were preserved even after the adjustment for factors related to insulin resistance. Conclusion Glycemic control could be an independent risk factor for kidney stones.
Introduction
Kidney stones are a common disease worldwide, which lead to a major comorbidity in industrialized countries. The prevalence of kidney stones is estimated to be approximately 6-9% in men and 3-4% in women across countries (1) , which has been still increasing (2) . Risk factors for kidney stones include age, gender, ethnicity, nutritional factors and genetic properties (3) . Epidemiological evidence also suggests that diabetes mellitus, metabolic syndrome and obesity are associated with the risk of kidney stones. Populationbased studies have demonstrated that diabetes is significantly associated with an increased risk of kidney stones (4, 5) . Regarding metabolic syndrome, one study reported that the odds of having kidney stones rose among people with metabolic syndrome status (6) . A dose-response relationship between body mass index (BMI) and the risk of kidney stones was also reported (7) . Common pathophysiology among these conditions is insulin resistance, which is defined as an inappropriate response of peripheral tissues to circulating insulin. Several studies have reported the underlying mechanisms. Insulin resistance is associated with a reduction in renal ammonium production and low urinary pH, which could lead to the development of uric acid stones and oxalate calcium stones (8) . It is reported that the compensatory hyperinsulinemia as a result of insulin resistance leads to an increase in urinary calcium excretion (9) . A direct effect of hyperinsulinemia on urinary calcium excretion was also observed under the euglycemic condition (10) , which could promote the formation of kidney stones containing calcium.
Considering the findings of the epidemiological studies in combination with the basic pathophysiology, it seems to be that the risk of kidney stones may increase as insulin resistance becomes severe. A cross-sectional study (6) reported a positive relationship using a clinical assessment of insulin resistance. In the study, the odds of having kidney stones rose as the number of metabolic syndrome traits increased. However, to our knowledge, no study has explored the doseresponse relationship using biochemical measures of insulin resistance such as fasting serum insulin and homeostasis model assessment of insulin resistance (HOMA-IR). The first aim of the present study was to investigate the relationship between insulin resistance and the risk of kidney stones in terms of both clinical measures (the number of metabolic syndrome traits) and biochemical measures (fasting serum insulin and HOMA-IR).
In addition, little is known about associations between glycemic control measures and the risk of kidney stones. Many studies (4, 6, 11, 12) have examined the association between hyperglycemia and the risk of kidney stones using a dichotomous category (diabetic or not). One study explored the association between fasting plasma glucose (FPG) and the risk, reporting a mild but non-significant positive relationship (5). However, no study has investigated the association of glycosylated hemoglobin (HbA1c) with the risk. The second aim was to examine the associations of glycemic control measures (FPG and HbA1c) with the risk of kidney stones.
Materials and Methods

Study subjects
We conducted a cross-sectional study in the health check unit of Saiseikai Central Hospital. The study population was composed of all participants (n=2,761) who underwent a health check focusing on metabolic syndrome from May 2008 to December 2010. These subjects generally visited the check-up unit not for symptomatic diseases but for a health check. Subjects who received insulin therapy for the treatment of diabetes were excluded from the analysis (n=40) since models for the assessment of insulin resistance were not applicable to these subjects. Four subjects were also excluded because anthropometric data, laboratory data or abdominal ultrasound results were not available. Finally, a total of 2,717 participants were included in the analysis. The study protocol was reviewed and approved by the ethics committee of Saiseikai Central Hospital.
Data collection and definitions
Information on medical history, lifestyle and healthrelated behaviors was obtained by a questionnaire. Anthropometric measurements were performed by trained personnel without the knowledge of the purpose of the present study. Blood samples were collected after an overnight fast and analyzed at the laboratory in the hospital.
Biochemical analyses were performed in the hospital laboratory using automated analysers. Levels of uric acid, total cholesterol, triglycerides, and high-density lipoprotein ( HDL ) cholesterol were measured using Hitachi LABOSPECT 008 (Hitachi High-technologies Corporation, Tokyo, Japan). Plasma glucose levels were measured using GA08 (A&T Co., Kanagawa, Japan). Insulin concentrations were measured using COBAS 6000 (Roche Diagnostics Japan, Tokyo, Japan). HbA1c levels were measured using an HPLC analyser (HLC-723G8 [Tosoh, Tokyo, Japan]). The HbA1c data were converted to the equivalent values of National Glycohemoglobin Standardization Program according to the statement of Japanese Diabetes Society (13) .
In the present study, insulin resistance was evaluated in two ways. One way was based on biochemical measurements. Fasting serum insulin levels and HOMA-IR were used as measures of insulin resistance. HOMA-IR was calculated as follows: HOMA-IR = fasting insulin (μU/mL) × FPG (mg/dL)/405. The other was based on clinical findings. Insulin resistance was evaluated by counting the total number of metabolic syndrome traits. The modified National Cholesterol Education Program Adult Treatment Panel III criteria (14) was used in the present study. There are five abnormalities for the definition of metabolic syndrome: abdominal obesity (waist circumference !90 cm for males and !80 cm for females), glucose intolerance (FPG !100 mg/dL), hypertriglyceridemia (triglyceride !150 mg/dL), low HDL cholesterol (HDL cholesterol <40 mg/dL for males and HDL cholesterol <50 mg/dL for females) and hypertension (systolic blood pressure !130 mmHg and/or diastolic blood pressure !85 mmHg). According to the criteria (14) , metabolic syndrome is diagnosed if a person has any three of the five abnormalities. Subjects who were using medications to treat an abnormality were categorized as having the abnormal condition even if the measured values were within the normal range. Regarding glycemic control measures, FPG and HbA1c were used.
A diagnosis of kidney stones was confirmed by ultrasound imaging. The ultrasound imaging was conducted by trained technicians and reviewed by radiologists, who were unaware of the results of the laboratory measurements.
Statistical analysis
Characteristics of the participants were compared between those with kidney stones and those without. Student's unpaired t tests were used for comparing continuous variables while χ 2 tests were used for comparisons between categorical variables. As for variables which did not follow the Normal distribution, log-transformed values were used for comparisons between the two groups. Logistic regression analysis was performed to calculate odds ratios (OR) of having kidney stones in terms of each metabolic syndrome trait, the diagnosis of metabolic syndrome (presence of 3 or more abnormalities) and the total number of metabolic syndrome traits. Then, associations of fasting serum insulin, HOMA-IR, FPG and HbA1c with kidney stones were investigated, respectively. Regarding fasting serum insulin and HOMA-IR, participants were sorted into tertiles because of their skewed distributions and the absence of clinically important cut-off points. On the other hand, participants were categorized according to conventional cut-off points in terms of FPG (<100 mg/dL, 100-<126 mg/dL or !126 mg/dL) and HbA1c (<5.5%, 5.5-<6.0%, 6.0-<6.5% or !6.5%). Logistic regression analysis was performed to calculate ORs of having kidney stones in terms of these measures. The age-and gender-adjusted model was model 1. The multivariate models included BMI (continuous), smoking (non-smoker, <20 cigarettes/day or !20 cigarettes/day), uric acid (continuous), metabolic syndrome traits other than glucose intolerance (abdominal obesity [yes/no], hypertension [yes/no], hypertriglyceridemia [yes/no] and low HDL cholesterol [yes/ no]) (model 2). As for the associations of FPG and HbA1c with the risk of kidney stones, the influence of further adjustment for HOMA-IR (log-transformed, continuous) (model 3a) or fasting serum insulin (log-transformed, continuous) (model 3b) were investigated. The multivariate models were tested for goodness of fit by the HosmerLemeshow test and showed an acceptable fit (p>0.05). Statistical analyses were performed using STATA software (version 11; StataCorp, TX, USA). All statistical tests were twosided, and p values less than 0.05 were considered statistically significant. Table 1 shows a summary of the characteristics of the study population. Of the 2,717 participants, 155 (5.8%) had kidney stones. Males were more prominent in the subjects with kidney stones. Significantly higher measurements for BMI, waist circumference, uric acid, FPG and HbA1c, and lower measurements for total cholesterol and HDL cholesterol were observed in those with kidney stones. Differences in age, blood pressure, triglyceride, fasting serum insulin and HOMR-IR were not significant between those with kidney stones and those without. Table 2 shows ORs of having kidney stones in terms of metabolic syndrome traits and the diagnosis of metabolic syndrome. In the univariate analysis, the presence of hypertension and glucose intolerance significantly increased the odds of having kidney stones. The other metabolic syndrome traits modestly increased the odds but the associations were non-significant. After adjustment for age and gender, the relationships of hypertension and glucose intolerance with kidney stones were attenuated but still significant. The diagnosis of metabolic syndrome (presence of 3 or more traits) was associated with a 1.5-fold increase in the odds of having kidney stones. It is also noteworthy that a dose-response relationship was observed between the number of metabolic syndrome traits and the odds of having kidney stones (p for trend =0.007) (Fig. 1) . The presence of all 5 metabolic syndrome traits was associated with a 2.7-fold increase in the odds for kidney stones in relation to those without metabolic syndrome (presence of 0-2 traits) ([5 traits vs 0-2 traits] OR =2.67; 95% CI =1.40-5.08). Associations of fasting serum insulin, HOMA-IR, FPG and HbA1c with kidney stones were examined using multiple logistic regression analyses (Table 3) . In univariate analyses, the four measures were positively and significantly associated with kidney stones. However, after adjustment for age and gender (model 1), the associations of serum insulin and HOMA-IR with kidney stones became non-significant (serum insulin [ 
Results
Discussion
The aim of the present was to investigate the associations of measures of insulin resistance and glycemic control with the risk of kidney stones. The number of metabolic syndrome traits, which is a clinical measure of insulin resistance, was significantly associated with the risk. On the other hand, we found modest but non-significant associations between biochemical measures of insulin resistance (fasting serum insulin and HOMA-IR) and the risk. Regarding glycemic control measures (FPG and HbA1c), strong associations were observed. Even after adjustment for various confounders, the associations were preserved.
The number of metabolic syndrome traits seems to be a useful predictor for the risk of kidney stones. The doseresponse relationship shown in the present study could further confirm the association. A population-based crosssectional study (6) including 15,000 participants reported that the presence of 4 or more traits of metabolic syndrome doubled the risk of kidney stones in relation to the absence of the traits. The present study found that the presence of all 5 traits was associated with a 2.7-fold increase in the risk of kidney stones compare with the presence of 2 or less traits. Although a direct comparison is impossible because of the difference in the categorization, the risk estimate seems to be similar in the two studies, which could validate the asso- 
ciation.
On the other hand, biochemical measures of insulin resistance failed to show a significant association. There could be several reasons for the lack of significance. Fasting serum insulin levels have cyclic oscillation in a short period with a mean amplitude of 1.6 μU/mL (3). The biological variation produces measurement errors, which could dilute the associations toward the null. In addition, the validity of the HOMA-IR formula becomes attenuated as FPG levels exceed 140 mg/dL (15) . In the present study, 163 subjects (6.0%) had an FPG of 140 mg/dL or more. These measures may not accurately reflect the severity of insulin resistance among those with high FPG values. We re-examined the associations excluding those with an FPG of 140 mg/dL or more and found that the associations were strengthened with borderline significance after the exclusion. Another reason could be the statistical power of the study. As shown in Table 3, subjects in the highest tertile of HOMA-IR had a modest but non-significant increase in the odds of having kidney stones compared with those in the lowest tertile in each model. The sample size in the present study may have limited the statistical power to produce significant results.
Glycemic control measures were strongly associated with the risk of kidney stones. As shown in model 3a and 3b, the associations were maintained after adjustment for clinical and biochemical measures of insulin resistance. This finding may provide a new insight into the association between diabetes and the risk of kidney stones. It has been thought that the association was mainly mediated through insulin resistance. Although insulin resistance seems to be the main pathophysiology of the stone formation (5, 7, 12, 16) , our finding suggests that glycemic control may contribute to the risk of kidney stones independently of insulin resistance. Past studies have shown that urinary calcium excretion was positively correlated with urinary glucose excretion among diabetic subjects (17, 18) . It is speculated that glycosuria due to poor glycemic control increases urinary calcium levels and eventually leads to the formation of calcium stones. Hyperglycemia also changes the tubular transport of uric acid by influencing proximal tubular reabsorption of glucose and sodium (11) , which could affect the formation of uric acid stones. It should be also noted that the apparent association could be due to the confounding effect of unmeasured factors. Some dietary or lifestyle habits which are associated with glycemic control may affect the risk of kidney stones.
The present study has several strengths. First, the study was conducted among healthy individuals, which could avoid the selection bias. The prevalence of kidney stones in the present study (5.8%) is almost consistent with the past report (1) , which could validate the selection of the participants. Second, potential information bias was minimized be- cause the data collection was performed without the knowledge of the study purpose. Third, the accuracy of stone diagnosis, which was confirmed by ultrasonography, minimized misclassification of the outcome. Finally, the availability of glycemic control measurements such as FPG and HbA1c provided us with an opportunity to investigate the dose-response relationship between hyperglycemia and the risk of kidney stones, which is difficult with a conventional questionnaire-based assessment.
Limitations in the present study should be also mentioned. First, we cannot confirm the temporal associations of insulin resistance and glycemic control with the risk of kidney stones, since this study adopted a cross-sectional design. However, considering the mechanism, it is biologically plausible to assume that the presence of insulin resistance and poor glycemic control precedes the formation of kidney stones. Second, there were no data on the stone composition and 24-hour urine samples in the study. We could not determine what types of kidney stones are affected by insulin resistance or hyperglycemia. It was reported that the most frequent type of stone is calcium oxalate, followed by uric acid stones. The two types accounts for approximately 85% of all kidney stones (1) . Therefore, the effects of insulin resistance or hyperglycemia seem to be exerted mainly on these types of stones. In fact, several studies have reported that changes in urinary chemical composition related to obesity and diabetes may favor the production of uric acid stones and calcium stones (7, 13, 15, 19) .
In conclusion, the present study shows that the number of metabolic syndrome traits is associated with the risk of kidney stones. In addition, glycemic control measures are associated with the risk. The number of metabolic syndrome traits can be easily calculated in daily medical practice and measurements of FPG and HbA1c are now widely available. From such a practical perspective, the present study provides useful information on the risk assessment of kidney stones. Moreover, glycemic control seems to have an independent effect on the risk of kidney stones. This finding may contribute to disentangle the complex etiopathogenesis of kidney stones among obesity, diabetes and metabolic syndrome.
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